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A bStl’:iCt

‘1’llis  ]Ialjcr  sulnlnarizcs  key rcsu]ts  011 tlIc lniIl;II]l]ln  modu la t ed  symbol  transi -
tio]l  clcnsity 011  l;:iItll-tcI-Sl)aCC!  li]lks rcqllircd  1).y  cxisLil\F,  CC) II) II IaIId  l)ctcction Units
(C1)lJ’S).  ‘J’hc Icsults  arc vmificd  using  com]jutcr  si,nulations.

Ittiltll-to-$])  itcc liI~ks  arc typically chalactclizcd  by l]igll  sylnbo]  sigmal-to-noise ratio (SN1{.)

and  low data latcs (7 - 500 Syml.)ols ]>CI’ s c c . e n d ) . ‘J’lIc ul)li IIk is uncodcd  and as a  result ,

s~lN1.)OIS  allcl b i ts  arc idcnltical.  ]{;xisti  I]f; tIaIIsl)o  Ildcrs  Clnploy  the l)ata ‘J’lansitfiol]  ‘1’rackillt;

loop  (l) ’J’’J’],) ill t,hc COIIIIIIall(l  ])ct,cctioll  I-]llit (Cl)[]) tol)crfo]ln  syInl>ol  syl-lclllol~izatiol].”

‘J’IIC lai,tcr  ]00]), ~]~pict~~l  ill ]+’;?;. ] , l~]i~.s  011 aIl i:}))]las~  al~[l  a l)li~i])llasc  integrator to ])rovidc

all error siglla] tl)at is iIldcpcIIClcI-lt  of t]IC data po]arity. ‘1’IIc inpha.sc  illtc$;rat,or  iI1tcp;raks  over

a syJII1.)o]  fo]]owc~l by a haIc{ d~c.isiol~  011 t]]c syIIll:)ol  polalit~r. ])y subtr:icti  Ij~; t w o  sucxcssivc

dccisio]ls,  a tlan~ition  Clctcctioll dckctor is used  to dctcrmillc  wllcthcr  a no  t r ans i t i on  (0 ) ,

a -1 J to - 1 transitio]l  or a - 1 to -{ 1 tr;il)sition  occud.  III the o t h e r  a r m ,  a n  i n t e g r a t o r



cstil  I]atc  of the error in }jhasc (or tilllillg)  IIIodulatcd  l)y t,hc da ta  po la r i ty .  Mulltliplying

tl)at cmt])ut  by tllc transition  detector  out])ut  wi])cs out tlIc  ])olarity  and produc,cs  an e r ro r

si,glal  that is filtcrd  by the loop  filter And thcl),  used to adval Icc or delay tlIc l)hasc  of tlllc

10CXII  syI1lk)l clock.  111 this ]EtJ>C~, let ~’~ dcllotc  the tral]sition  probability aIId p denote the

])rol.)ability  of -{ 1. 1~ is WC]] known  that I’i : l?pq, wl~crc q : J - p is tllc p robab i l i t y  o f  -  1 .

2  l’erfc)rmance Of the 1 )’I’TI-J whcn II == 1/2

‘I’l Ic pcrfmmancc  of the 1 I’J”l’], for IaI-Id OIn data (Lhat is, l; = 1 /2) IIas been aIIalyscd  in [1]

lvl Icrc it is slIowlI that the variallcc of lIIC })lIasc  error (ill  uliits  of cycle2) is given I)y

(1)

lvllcrc  A dcl Iotcs  tllc l)hasc  CIIOI (ill cyc les ) ,  w tlIc  lnidl)llasc  window  \vitll w -< 1 (ullitlms),

7 ’  tllc syInl~ol duration  (ill SCC), 111, t h e  l o o p  bandwidtl]  (in IIz), 1?S tl~c syInl>ol  SNlt (llIlit-

Nok that the loop  Sill{. (dcIIotd by p) is related to o~ tllmugll

1

“ 4n20~

(2)

(3)

‘J’llc pcrforlnancc  of tlic  J )g”j’l,  for dll arbitrary tral~sition  dcl)sit  y was worked out ill [2.]

assulnillg  that ihc jloisc  spcctruln  at tllc  outl)ut  of the ]00]) IJllasc detector is indcq)clldcnt  of

tlIc  Lrallsitioll  density. A tcclllliquc was l)rcscntcd  to select tlIc  Ininilnun]  Lrallsition  dcnlsity



to acl]icvc  a spccificd  dcgradatiol)  iII tlIc symbol  e r r o r  r a t e . h~orc  rcxcIItly,  (IIC c.haIIgc in

IIoisc  spcctruln  was accoulltml  for in [3], assul]il)p;  ‘LIIiglI” }t~ aIId IU = 1. in addition, data

aSyIIIIIICtIy  which accoul)ts for ullcqua]  rise aIId fall tin]cs iII tllc baseband IJulsc was ilIcludcd

i l l  tllc  a n a l y s i s . lJOI t}]c  puI])osc  C)f tl)is rcl)ort, we igllorc data asylnlnctly  al)d f o c u s  ancl

11,,7’

‘; y -m, illdc])clldcI]t  of I ’t!

(4)

(5)

(6)

(7)

A t  first  gla]lcc,  tl]is  rcsu]t ]nig]]t SCWIH sur])rising  a]]d to a  ccrtai]l cxtcmt,  cIroIIcous.  ]]ut a

c.loser look at tl)c  IWS])OIISC of LIIC 1) ’J’’J’I, indicates  that tlIc  transition dmsity  affects t,hrcx

diflcrc]lt  fulldalncxltal  paraII]ctcm cjf tlIc 100]) iIi opposing  ways and the various afrccts  pull

tlIc  100]) in ol)positc  dirctiol~s and CIId UIJ cancclling cacl) c)thcr. l“irst  as tlIc tra]lsition

d e n s i t y  clcviatcs  fro]n  50(Y0,  tl)c  loc)p bfindwidt])  is rcdIIccxl  by 21’1. As  aIl cxaln]~lc if i,lIc

1001)  was designed to opczak  with  5 lIz l)and~vidtll  witli  50% tra]lsitions,  tl]c ol)crat,ing  locq>

b:illdwidtl)  w i t h  3X trmlsition  wou]d  hc 5 X 2  X  0.03 = . 3  ]]z. Jt i s  importalit  that t h e

q)mating  l.)andwidth  remains large cmougl  I to accolnodatc  t]IC effects of Ilollidca]  oscillators

SUC.11 as c lock  drift and pl]asc  IIoisc. ‘J’o a first, cndcr  ti])])loxil)lat  jic)ll, the loop ])crturbation

cflcct  is illdcpcl)dcmt  of the SNli or tlkc w i n d o w  sim and is clc})ictcd  in l(’ig.  2. III l“ig. 2,a,

tllc s]opcs  for 40(fi, 20% and 3.1 YO traI]sitiorl  proljabilitics  arc clc])ictcd  ill norlnalizcd  f o r m



(dividd  Ly the slope a s s u m i n g  50% tlansitio]))  VCISUS symbol  SIN]{,  ‘1’hcsc curves i]l cfrcct

Ad tJlc c h a n g e  ill opcrati]lg  100]) ba]ldwidths  as  a functim] of l~f. III F i g .  2.1>, silnilar

results arc pmxmtd  with the IIormalizatio]l  ])crfmnd with rcs])cc.t to tllc 20% t r ans i t i on

du~sity,  III this case, the opcrati])g  bal]dwidtfh  is tlIc  dcsigl} bandwidth for a 20(% transition

and dwiatcs (bcxomcs  larger  or smallm) froln  that for diff’c.rcmt  transition probabilities.

‘J’lIc  sccol]d  cflcct t o  lJc discussd  i s  tllc  clI.311gc  ill sigl)al  ])o]tw i)] tllc  1001). Sinc,c t h e

slope of tl~c S-c.urvc  l)as  changed, the signal  ])OWCI  jll the 1001) dmlx+  l)y the square of the

slo])c. llcIIcc, t h e  sjgI]al ])owcr dro])s I)y (21’L)~.

‘J’llird,  tllc IIoisc Sl)cctra]  lcvc] in tllc  l o o p  a l s o  dro])s  by 211 sjllcc  II(O) - } 21~ at IIigll

SyIIIhO] sN]{s. hloi,c t]lat  t]lc  Iloisc  cIIt,crs t]Ic ]oo]) II)aill]y  t,ll IwuglI t h e  ]nid])hasc  d e t e c t o r .

A s  tlIc IIIIIIIIJCI o f  tIallsitioIis  dmmascs,  tl)c lnid])llasc  outl)ut  is  Inultiplicd  by  Inorc mros

froln  t,lIc trallsitjol)  detector, assulnillg  tllc latter ol)cratcs  witl~ fcxv errors  (Ivl)icll  is tllc  case

a t  ‘(llig;ll)’  sylllbo]  SiNlis).  1~’igurc  3 [Ic])ict,s t]lc IIorll]a]izcd  JIoisc s])cc.tral  lcvc] (Ilorlna]izcd  to

50(% transition in l“ig. 3.a and to 20% in l’ig. 3.1.)). l“iIlally, l“ig. 4.a depic t s  tlllc ratio of tllc

tracki]l$;  varia]]cc (Ji’itl]  w : 1 ) for Valious  tra]lsitiol] dcllsitics norlnalizcd l)y tlIc t r a c k i n g

variance fo]’ a bo(~o t,ransitio]l. ‘1’lIc tracki]]g  va]ia]lcc for a 50(%1  tra]lsitio]} dmlsitly is dcpickd

j]] l“i$;. 4 .b. lrigurc  5 (a al]d L) dcl)jct  s i m i l a r  rcsu]ts  wit,]) II) : 1 /4. ‘J’hc performance is

verified tllrougl]  c,om])utlcr  silllulatjolls  ]y]lic]}  CC)IlfiIIII  t]lc  fact t])at t]lc  variance dots ]Iot vary

wit]) tlIc t ransi t ion dmsity  at “lligll” SATll,

4 cc)nclusiOn

‘J’llc  goal of this study is to draft a lccc)llllllcl](lati[)ll for  milli]nuln  transition dcj)sitics  required

for l’;altll-tc)-S]  )acc lil)ks. ‘J’hc ])crforlnanw of the 1) ’J’’J’I, as a function  of tl]c transition

dcllsity is understood for ‘thigh” syInbo] ,SNT]t, aIJd ~vitl} tvil]dow cqua] to uni ty.  111 this case,

tllc tracking jitter (and tl)us,  the dcgradatiol]  on tclcmctry)  of tl]c  I) ’l’’J’], is uI)affcctd  by

tllc trallsjtiol]  dcl]sity. IIowcvcr,  tl]c 100]) ljandwidtll  varies wit]] the transjtjoll  density and



it is im])ortant to guarantw  tlIat t,hc oljcrati]lg  bandwidth at all times is adequate to handle

tllc nonidca]  cffcc.ts  of the oscillators found  ill ])1 attic.c. K;qually  im])ortant  is ~hc cffcd o f

tlIc  transition density oIl the acquisition pcrformanm  of tlIc  1 )’1’’1’1,,  which  is not quantified

in the literature to tile best of tlIc, authors knowledge. lt is suggested that  further studicx

bc ])crforlncd  by cxtcI}ding  tllc rcxu]ts  ill [2] aIId [3] before any lccollllllcIldatlioll  is drafted.

S])ccific.ally,

the jiitcr  should Lc c.haractmizcd  as a fuIlctioIl  of the transition dcl]sity  for “low”

SYIIIlj  C)] ,Shll{,’s and various windows, as futulc systmm  might ]lavc c.odcd upliIlks,

tllc acquisition of tlIc  11’J’’J’I, should  hc cllarac.tcrizcd  as a ful]ction  of the syIIll>ol

transition dc.llsity,

tllc rcsu]ts  should bc vcrifid  tlIwuglI s imula t ions  aIICl IncasurcIIlcIIts  w;tll  tllc

A dvaIIc.cd ltcmivcr,

‘J’IIc w o r k  dcxcriljcd  in t,llis  pa])cr was  c.arricd out at tlIc  Jet l’ropulsic)ll  l,aljorartoryj

California ]I]stitutc  of ‘1’ccJIIIology, under contract wit]] tllc National Acrona.ui,ic,s  and S])acc

A{lIl~il~istlatio~].
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Figure 4:1 h(0) / h(0) @l’t=50% vs Symbol SNR

1“

10.9 -
}.. .~}-. -_[_. _. ~} . . . ~}

0.8 - [1

o-1 I I I I I

0 1 2 3 4 5

[t

o

A

I

G

r}

o

A
I

8

[t

o

A
I

9

[t

o

A

I

10

[}

o

A

I

11

[1

o

A
I

12

L}

‘o

A
I

13

{F

o

A
I

14

3

2.5

0,5

0

S y m b o l  SNR (1<s), (]]\

l~igurc 4b h(0) / h(0) @Pt==20 $40 w Symbol SNR

‘-’=Ab__
- A

I I --- I - I

0 1 2 3 4

c?

c}-

-A
I

G

c>

[}

A
I

7

0

[1

A
I

8

0

[ t

A
I

9

0

11

A
I

10

(}

[}

A
I

11

0

L}

L?
I

12

0

[1

A
I

13

c)

[F

/3
I

14

r]

1“ L} 1’[ = 40%

o 1’[ = 20%

o - “A 1’1 =- 3.1%

A

15

c!

[1 1- C> 1’1  = so’%

I
[> 1’1 = 4 0 %

A I’L= 3.1%
L

A
I

15



l~igurc Sa

G-

A

0;/ 0; @so%  }’s symbol SNR for W=J

0-1 {1111111 1111111

0 1 2’ 3 4 5 6 7 8“9 10 11 1? 13 14 15

syIIll)ol SNR (m), d])

l~igure 5b CJ~vs Symbol SNR for N==50% and w=l

0.0035 -

A

‘u
L% 0.002 -
*
o
w
; 0.0015

;
-b< 0 . 0 0 1

0,0005 -

F’t = 40% (Theory)

Pt : 40% (Sirnulatim)

Pt : 20% (T hcory)

PI = 20% (Simulation)

Pt = 3.1% (Theory)

[’i = 3.10/0 (Simulation)

\

\
●

‘k

c} T h e o r y

* Simulation

0 1

I

2

I

3

I

4

=0.,
- - - u – . - o _ _  ●

1111 II

5

0
I T -<)

6 789 10 11 12 13 14 15

symbol SNR (lM), (111

A



Ngmc 6a Simulation 0~ / of @SO% w Symbol SINR for
}}’=:0 ,25

04 I

o 1

I I

3 , 5

symbol SIN]{ (1<s), (u]

Nigurc 6b 0~ w Symbol SNR for l’t==50% an(] w=O.25

0 . 0 0 3 5
+

-0-

0-1 1-1-111 1111

1 2 3 4 5 6 7 8 9  1 0

symbol  SA’R  (m),  dll

■ F’t Z- 407.

+ [’t = 2070

A - ‘ - “t’”3”’y0

{

10

0 1 heory

● Simulation

11 12 13 14 15 16


